Intracranial complications of sinusitis are rare. However, they have an important morbidity and mortality rate, and can be a source of disabling neurological sequelae in the absence of a rapid diagnosis and adequate treatment. We carry a retrospective study of 23 patients having sinusitis with intracranial complications, treated between 1996 and 2011. All patients underwent complete ENT and neurological examination, biological investigations and sinonasal and cerebral CT. An intraveinous large-spectrum antibiotherapy was administered to all patients. Twenty patients underwent surgery. It included evacuation of the intracranial collection, sinus drainage, with or without cranialization of the frontal sinus. Evolution was assessed on clinical biological and radiological criteria. Mean age was 25 years and sex-ratio was 3.6. Neurological signs were the most frequent symptoms. Rhinological signs were essentially purulent rhinorrhea (14 cases) and nasal obstruction (12 cases). Nasal endoscopy showed pus in the middle meatus in 10 cases. On CT, intracranial complications included subdural empyema (11 cases), extradural empyema (7 cases) and brain abscess (5 cases). Associated cerebral thrombophlebitis was noted in 4 cases. Three patients with extradural empyema had had an exclusive medical treatment. All other patients (20 cases) were operated. Clinical and radiological evolution was favorable after initial treatment in 14 cases (60.8%). Six patients required secondary surgery. Two patients have died despite intensive care. The intracranial complications of sinusitis are serious and source of important morbidity and mortality. Management should rapid and adequate, combining effective antibiotic therapy and eventually neurosurgical treatment.
Introduction
Intracranial complications of sinus infections are rare (3% -11% of patients with sinusitis), but are also source life-threatening and debilitating neurological complications [1] . They include extra and subdural empyemas, abscesses, meningitis and thrombophlebitis. The infection can spread to the endocranium by contiguity from a frontal, ethmoidal or sphenoidal osteitis or osteomyelitis. It can also spread through retrograde septic thrombophlebitis in the diploic veins, favored by the absence of valves. Another manner for dissemination is the septic emboli which migrate by hematologic way [1] .
These complications have an important morbidity and mortality rate, and can be a source of disabling neurological sequelae in the absence of a rapid diagnosis and adequate treatment.
The purpose of this study is to report our results on management of intracranial complications of sinusitis, and through a literature review, to precise the clinical and paraclinical features and to propose an adequate management for this pathology.
Materials and Methods
This is a retrospective study of 23 patients having sinusitis with intracranial complications, treated between 1996 and 2011. Patients having rhino-cerebral mucormycosis were excluded from this study.
All patients underwent complete ENT and neurological examination, biological investigations (Blood cell count, C-reactive protein, pre-anesthetic investigations). Sinonasal and cerebral computed tomography (CT) was performed in all cases.
An intraveinous large-spectrum antibiotherapy was administered to all patients. Molecules used were thirdgeneration cephalosporins (cefotaxime, ceftazidime), anti-staphylococcals (fosfomycin, vancomycin), fluoroquinolones (ciprofloxacin), aminoglycosides (gentamicin, amikacin) and metronidazole. Its total duration ranged from 6 to 10 weeks. Anticonvulsants (phenobarbital, clonazepam) and heparin were associated respectively in 10 and 4 cases.
Twentypatients underwent surgery. It included evacuation of the intracranial collection, sinus drainage, with or without cranialization of the frontal sinus.
Evolution was assessed on clinical criteria (regression of neurological and rhinologic signs and of the infectious syndrome), and also on biological and radiological criteria. Mean follow-up period was 26 months.
Results
Average age was 25 years (8 -62 years) with over 80% of patients younger than 30 years. Sex-ratio was 3.6. Three patients had a history of head injury (including 2 cases of frontal bone fracture). Two patients had type 1 diabetes. Socio-demographic data are summarized in Table 1 .
Seventeen patients had fever. Neurological signs were the most presenting symptoms. Headache was present in all cases, isolated or associated with signs of intracranial hypertension such as vomiting (11 cases). Five patients had seizures and 8 had impaired consciousness. A frontal syndrome was found in 5 cases. Meningeal syndrome has been objectified in 3 cases. Frontal tumefaction was noted in 8 patients (Figure 1) . Rhinologic signs were essentially purulent rhinorrhea (14 cases) and nasal obstruction (12 cases). Nasal endoscopy showed pus in the middle meatus in 10 cases. Ophthalmologic examination revealed swelling of the eyelids (7 cases), swelling of the inner corner of the eye (4 cases), exophtalmia (3 cases), ophthalmoplegia (2 cases) and chemosis (2 cases). A decrease in visual acuity was observed in one patient and papilledema in fundoscopy in another patient.
Laboratory tests showed hyperneutrophilia in 16 patients and a high C-reactive protein (CRP) in all cases. Pus sampling with bacteriological examination was positive in 6 cases. The germs were Streptococcus (3 cases), Staphylococcus aureus (2 cases) and Pseudomonas aeruginosa (1 case). Clinical and laboratory tests data are summarized in Table 2 .
Sinonasal CT revealed a total or partial fronto-ethmoidal filling in all cases, associated with filling of the sphenoid sinus in 4 cases. Osteitis of the frontal sinus was noted in 13 cases, the posterior table was involved in 3 cases, the anterior in 2 cases and the both in 8 cases (Figure 2) . A subperiostal abscess or "Pott's puffy tumor" was noted in 8 patients (Figure 3) . Orbital complications were essentially pre or retro-septal cellulitis (2 cases), subperiosteal abscess (2 cases) and orbital abscess (2 cases). Intracranial complications included subdural empyema (11 cases), extradural empyema (7 cases) and brain abscess (5 cases) (Figures 4-6 ). Associated cerebral thrombophlebitis was noted in 4 cases.
Imaging data are summarized in Table 3 . Antibiotics were administered in all cases ( Table 4) . Anticonvulsant treatment was administered in 10 cases, associated with corticosteroids in 3 cases. Heparin therapy was administrated to the 4 patients having cerebral thrombophlebitis.
Three patients with extradural empyema underwent exclusive medical treatment. Drainage was not indicated because of the limited size of the collection on imaging and the good evolution under antibiotics.
All other patients (20 cases) were operated. One patient had Pott's Puffy tumor and sinus drainage, without drainage of an associated limited extradural empyema. In 19 cases, intracranial collection was evacuated by trepanation or by making a frontal bone flap. Among these, a Pott's Puffy tumor drainage was associated in 7 cases and an orbital drainage in 4 cases.
Regarding the sinuses, surgery was performed in 20 cases. Drainage through Jacques approach (or frontosuperciliary approach) was performed in 6 cases. Three patients underwent endonasal surgery (bilateral ethmoidectomy). Frontal sinus cranialization was performed in 11 cases. It was indicated because of osteitis of the posterior table. To perform cranialization, bicoronal approach was used (called Cairns-Unterberger approach), with making a frontal flap, resection of the frontal sinus mucosa and of the osteitic foci of both anterior and posterior table (Figure 7) . Closure of the naso-frontal canal was very important to avoid any recurrences. It was ensured with muscular fragments. The act ended with the replacement of the frontal bone flap and the lowering Table 4 . Antibiotic therapy administrated intravenously.
Molecules
Number of cases and the suture of the skin flap. The outcome after treatment was favorable in 14 cases (60.8%) with regression of functional symptoms and disappearance of intracranial collection. One patient operated for brain abscess has died in the postoperative period despite intensive care. On the other hand, we noted in 8 cases a persistent or a worsening of the neurological signs. This non improvement was due to a recurrence or persistence of empyema (6 cases, of which one has already undergone cranialization) and the appearance of encephalitis and cerebral thrombophlebitis (2 cases). For all of them, antibiotherapy was prolonged to 10 weeks. Six patients (among the 8) underwent neurosurgical drainage, associated with frontal sinus cranialization in 3 cases. Among these patients, evolution was favorable in 7 cases, and one patient has died 3 days after surgery because of multiple organ dysfunction syndrome secondary to a septic shock.
Among all patients who have healed, no recurrence was noted after long-term follow-up.
Discussion
The frontal sinus is most commonly involved in intracranial complications of sinusitis, either alone or with an associated anterior ethmoiditis or pansinusitis [ [7] . These epidemiological data are consistent with those of our series. Regarding the incidence, reference centers in developed countries report an average of three cases per year [1] . In our series, more than 2/3 of patients were collected during the first 6 years of the study. Major risk factors reported in the literature are diabetes, immunesuppression, renal failure, history of facial trauma or inadequate previous treatment [1] [2] . Other contributing factors are reported, such as history of chronic sinusitis which acts through a greater resistance to antibiotics (induced by repeated treatments) and through a less penetration of the antibiotic secondary to osteo-mucosal modifications [1] [2] . Aerobic bacteria are those found in acute sinusitis: Haemophilus influenzae, Streptococcus and Staphylococcus [1] [8] .
The revelation mode of intracranial complications of sinusitis is very variable. Headache is the most common and the most constant sign (100% in our series). It reflects the frontal sinusitis and also the presence of intracranial hypertension. Its evolution in 2 stages (localized to the sinus then diffuse) is highly suggestive [1] . Other suggestive signs include frontal syndrome, meningeal syndrome, consciousness disorders and seizures [1] [9]- [11] . Rarely, intracranial complications can be latent or have nonspecific signs. Fever is present in 50% -58% of cases [8] .
Sinonasal and cerebral CT with iodine contrast media injection is necessary to confirm the diagnosis. When meningitis is suspected, CT is essential before performing the lumbar puncture, in order to avoid the risk of cerebral herniation [1] [12] . CT must always be performed in case of unfavorable evolution.
CT allows to visualize the sinus involved, to identify the type of complication (empyema, abscess, thrombophlebitis) and its site (often frontal, rarely frontoparietal or multiple) [13] . The presence of a subperiosteal abscess (Pott's puffy tumor) or of orbital complications (cellulitis, abscess) is correlated with an increased risk of intracranial complications [1] [5] . MRI can better assess intracranial extension [14] [15], but it is rarely performed in emergency situations. The most common complications found are subdural empyema (35%), intracranial abscess (31%) and meningitis (25%). Multiple complications are not rare (25% of cases). In our series, the subdural empyema was the most common complication (47.8%).
Since intracranial extension of sinusitis can be a life-threatening complication, treatment should be aggressive from the beginning [1] [5] [7] [16] [17] . Medical treatment should be initiated precociously as soon as possible. The empirical antibiotic therapy essentially aims gram positive cocci, gram negative bacilli and anaerobic germs. Third-generation cephalosporins, fluoroquinolones, aminoglycosides, metronidazole and antistaphylococcals are recommended. This antibiotic therapy must secondarily be adapted to the antibiogram. Its duration is usually 4 to 8 weeks, in which 2 to 3 weeks intravenously [18] . In our study, given the frequent negativity of bacteriological samples, probabilistic antibiotic therapy was administrated in most cases.
The use of corticosteroids for its anti-edematous effect is controversial because of the risk of infection exacerbation. Currently, the treatment is indicated only in cases of life-threatening intracranial hypertension and cerebral edema [1] [19]- [21] . Anticonvulsants are usually recommended prophylactically in all cases of intracranial collection [1] [19] . Some authors recommend them only after a first seizure or after surgery [10] . In our series, they have been used in cases of severe peri-lesional edema with mass effect because of increased seizure risk.
On the other hand, the place of anticoagulation in cavernous sinus thrombophlebitis is discussed. Anticoagulant therapy has for a long time been considered dangerous because of the risk of bleeding. Currently, it has been demonstrated that anticoagulants reduce morbidities such as blindness, ophthalmoplegia, hypopituitarism, epilepsy and stroke. For some authors, heparin is routinely prescribed and relayed by antivitamin K for 6 weeks until repermeabilisation of the cavernous sinus [1] .
The treatment of extra and subdural empyemas is neurosurgical drainage. Some series have shown the efficacy of single antibiotic treatment for some carefully selected cases of extradural empyema (with no neurological deficit, having limited purulent collection on CT, and with rapid clinical improvement under antibiotics) [22] . In our series, exclusive medical treatment was sufficient in 3 patients with extradural empyema.
Surgical treatment of intra-parenchymal abscess includes two methods: resection and puncture. Currently, puncture is preferred because of the low risk of contamination and of adjacent damage. Small abscesses less than 2 cm with a good neurological condition can be treated conservatively with antibiotics alone [1] [9] [12] [19] [22] .
Treatment of the frontal sinus and of the possibly associated osteomyelitis represents an essential part of the therapeutic management. It helps to eliminate the causal lesion and therefore to avoid any source of treatment failure or relapse of intracranial complications. It is often performed at the same time of endocranial drainage and should be as simple and as minimalist as possible [1] .
For drainage of the frontal sinus, we can perform either trephination (by drilling or by using Lemoyne nail) or a bone flap through Jacques approach. Frontal sinus can be also drained endoscopically by performing the Draf techniques. For the ethmoid and sphenoid, endoscopic ethmoidectomy and sphenoidotomy can be performed [1] [4]. Endonasal surgery was performed in 3 cases of our series. The limitation of this technique is that in can increase, in these inflammatory conditions, the risk of bleeding immediately and synechia in the long term. On the other hand, incomplete gesture in endonasal surgery would compromise the ventilation of the sinuses in some cases [1] [8] [23] .
If the previous drainage techniques fail or if osteitis is extended or reaches the posterior table, then exclusion of the frontal sinus should be considered [24] [25] . Two different approaches are possible: -Filling of the frontal sinus when there is an extended osteitis of the anterior table: after bicoronal approach, we perform a bone flap and resect the osteitic foci, then we carefully remove the entire sinus mucosa. Then we fill the sinus with muscles and we close the nasofrontal ostium. Some authors realize this filling under endoscopic control after Jacques approach [26] . This is a less invasive approach and as effective as the conventional approach [26] . -Neurosurgical exclusion (called also cranialization) of the frontal sinus [27] : after bicoronal approach and making a bone flap, we remove the mucosa and the posterior table, and we obturate the nasofrontal canal. This technique is indicated for internal table osteitis [27] - [29] . It is the most appropriate technique in cases of intracranial complications of sinusitis, treating both the collection and its origin. In our series, this technique was performed as first line treatment in 11 patients. The prognosis of intracranial complications of sinusitis depends heavily on the nature of neurological signs and on the diagnosis and management delay of time [1] [30] [31] . The average rate of neurological sequelae is 23% on all the studied series. The average mortality rate is 6% [8] . Morbidity and mortality are lower in the pediatric population [32] . Complications and deaths are related to cortical veins thrombosis and to cerebral infarction. In our series, 2 patients have died (8.7%).
Conclusion
Although rare, intracranial complications of sinusitis are severe and are source of high morbidity and mortality. They require multidisciplinary approach including otorhinolaryngologists, neurosurgeons and intensive care physicians. Management should be rapid and adequate, combining effective antibiotic therapy and eventually neurosurgical treatment.
